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Description 

[DEEP TRENCH CAPACITOR AND 
METHOD OF FABRICATING THE SAME] 

Cross Reference to Related Applications 

[0001] This application is a divisional of a prior application serial 

no. 10/707,113, filed November 21, 2003, which claims 

the priority benefit of Taiwan application serial no. 

92124553, filed September 05, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention is related to a capacitor of Dynamic 
Random Access Memory (DRAM) and a method of fabri- 
cating the same, and more particularly to a deep trench 
capacitor and a method of fabricating the same. 

[0004] Description of the Related Art 

[0005] As the semiconductor technology has advanced to the 
Deep Sub-Micron technology, the sizes of devices keep 
shrinking. As to the traditional structure of DRAM, the ar- 



eas of capacitors have been reduced. In another aspect, 
software programs become large gradually, so the capaci- 
ties of memories should also increase. Under the circum- 
stance that sizes of memories should shrink and the ca- 
pacities of memories should increase, the traditional 
method of fabricating capacitors of DRAM should be im- 
proved to satisfy the above demand. 
[0006] The DRAM capacitor generally include stack capacitor and 
deep trench capacitor. Regardless of the type of capacitor, 
size reduction requirement of semiconductor devices and 
the technology of fabricating the small size capacitors is 
very complex. 

[0007] FIGS. 1A-1F are a schematic cross-sectional process flow 
showing a prior art method of fabricating a deep trench 
capacitor. 

[0008] Referring to FIG. 1A, first a substrate 100 is provided, and 
a mask layer 102 is formed over the substrate 100. Then, 
an etching process is performed for forming a deep trench 
104 within the substrate 100. Then, a doped region 106 is 
formed within the substrate 100 at the bottom of the 
deep trench 104, which serves as an electrode of the deep 
trench capacitor. Next, a capacitor dielectric layer 108 is 
formed over the surface of the bottom of the deep trench 



104. A first polysilicon layer 110 is formed within the 
deep trench 104 covering the capacitor dielectric layer 
108, wherein the first polysilicon layer 110 serves as an- 
other electrode of the deep trench capacitor. A collar ox- 
ide layer 112 is then formed on the sidewalls of the deep 
trench 104 that are not covered by the first polysilicon 
layer 110. 

[0009] Referring to FIG. IB, a second polysilicon layer 114 is 
formed on the hard mask layer 102 covering the first 
polysilicon layer 110 and the collar oxide 112. A chemical 
mechanical polish process and an etching process are 
performed for removing a portion of the second polysili- 
con layer 114 and the remaining portion of the second 
polysilicon layer 114a is left in the deep trench 104 as 
shown in FIG. 1C. 

[0010] Then, referring to FIG. ID, a portion of the collar oxide 
layer 112 that is not covered by the second polysilicon 
layer 114a is removed and the remaining portion of the 
collar oxide layer 112a is left behind, wherein the sub- 
strate 100 at the sidewalls of the top of the deep trench is 
exposed. 

[0011] please referring to FIG. IF, a third polysilicon layer 116 is 
formed on the mask layer 102, covering the second 



polysilicon layer 114a and the collar oxide layer 112a. A 
chemical mechanical polish process and an etching pro- 
cess are performed for removing a portion of the third 
polysilicon layer 116, and the remaining portion of the 
polysilicon layer 116a is left in the deep trench 104. As 
shown in FIG. IF, the remaining portion of the third 
polysilicon layer 116a contacts the substrate 100 at the 
sidewalls of the top of the deep trench. Next, an active 
device (not shown) such as a transistor is formed on the 
substrate 100, and the electrode 110 of the deep trench 
capacitor can electrically connect to the transistor through 
the second polysilicon layer 114a and the third polysilicon 
layer 116a. 

[0012] However, in prior art, in order to form the collar oxide 
layer 112a on the sidewalls of the deep trench 104 as 
shown in FIG. ID and to expose the substrate 100 at the 
sidewalls of the top of the deep trench 104, the second 
polysilcon layer having different removal rate compared to 
the collar oxide 112 should be formed first, then a portion 
of the collar oxide is removed for exposing the substrate 
100 at the sidewalls of the top of the deep trench. Be- 
cause the second polysilicon layer 114a electrically con- 
nects with the first polysilicon layer 110 and the portion 



of the third polysilicon layer 116a is formed on the second 
polysilicon layer 114a, the deep trench capacitor electri- 
cally connects to an active device through the third 
polysilicon layer 116a and the second polysilicon layer 
114a. 

[0013] However, because the second polysilicon layer and the 
third polysilicon layer are formed in different process 
steps, dopant concentrations of the second polysilicon 
layer and the third polysilicon layer are therefore little dif- 
ferent. Therefore, the difference will affect the threshold 
voltage of the devices. 

[0014] Another issue is that resistance exists at the interface of 
the second polysilicon layer and the third polysilicon layer, 
and therefore the electrical component electrically con- 
necting the deep trench capacitor and the active device 

will have a higher resistance. 
Summary of Invention 

[0015] one object of the present invention is to provide a deep 
trench capacitor and a method of fabricating the same for 
resolving the high resistance at the interface of the sec- 
ond polysilicon layer and the third polysilicon layer. 

[0016] Another object of the present invention is to provide a 
deep trench capacitor and a method of fabricating the 



same for resolving the differential dopant concentrations 
of the second polysilicon layer and the third polysilicon 
layer, which would otherwise adversely affect the thresh- 
old voltage of the devices. 
[0017] The present invention discloses a method of fabricating a 
deep trench capacitor. A substrate is provided. Next, a 
deep trench is formed within the substrate, and a doped 
region formed at the bottom of the deep trench. Next, a 
capacitor dielectric layer formed over a surface of the bot- 
tom of the deep trench and a first conductive layer is 
formed over the capacitor dielectric layer. Then, a collar 
oxide layer is formed on sidewalls of the deep trench that 
are not covered by the first conductive layer. A material 
layer is formed within the deep trench, covering the first 
conductive layer, and exposing a portion of the collar ox- 
ide layer, wherein the removal rate of the material layer is 
different from that of the collar oxide layer, and the re- 
moval rate of the material of the material layer is different 
form that of the first conductive layer. In a preferred em- 
bodiment, the material layer is a photoresist layer. The 
collar oxide layer that was exposed is then removed for 
exposing the substrate at sidewalls of the top of the deep 
trench. Then, a second conductive layer is formed cover- 



ing the first conductive layer and the collar oxide layer, 
wherein the second conductive layer contacts the sub- 
strate at the sidewalls of the top of the deep trench. 

[0018] The present invention provides a deep trench capacitor, 
comprising a substrate, a doped region, a capacitor di- 
electric layer, a first conductive layer, a collar oxide and a 
second conductive layer. The substrate has a deep trench, 
and the doped region is within the substrate at the bot- 
tom of the deep trench. The first conductive layer is on 
the capacitor dielectric layer. The collar oxide layer is on 
the sidewalls of the top of the deep trench, and the sub- 
strate at the sidewalls of the top of the deep trench is ex- 
posed. The second conductive layer is within the deep 
trench, covering the first conductive layer and the collar 
oxide layer, and the second conductive layer contacts the 
substrate at the sidewalls of the top of the substrate. 

[0019] Because the second conductive layer replaces the prior art 
second and third conductive layers, the issue of the sec- 
ond conductive layer having a different dopant concentra- 
tions compared to the third conductive layer which would 
otherwise adversely affect the threshold voltage of devices 
is avoided. 

[0020] | n addition, the present invention uses the second con- 



ductive material as a component for electrically connect- 
ing the deep trench capacitor and the active device to re- 
solve the issue of resistance at the interface of the second 
and third conductive layers existing in prior art. 

[0021] Moreover, because the second conductive layer replaces 
the second and third conductive layers of the prior art, 
and therefore the method of the present invention can 
greatly simplify the process, in that, a number of the 
polysilicon furnaces can be reduced. 

[0022] | n order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail hereinafter. 
Brief Description of Drawings 

[0023] FIGS. 1A-1F are a schematic cross-sectional views illus- 
trating the progression of process steps of a prior art 
method of fabricating a deep trench capacitor. 

[0024] FIGS. 2A-2I are a schematic cross-sectional views illus- 
trating the progression of process steps of a method of 
fabricating a deep trench capacitor according to a pre- 
ferred embodiment of the present invention. 
Detailed Description 



[0025] FIGS. 2A-2I are a schematic cross-sectional views illus- 
trating the progression of process steps of a method of 
fabricating a deep trench capacitor according to a pre- 
ferred embodiment of the present invention. 

[0026] Referring to FIG. 2A, a substrate 200 is provided. Next, a 
mask layer 202 is formed on the substrate 200. In a pre- 
ferred embodiment, the material of the mask layer 202 is, 
for example, silicon nitride. Then, an etching process is 
performed by using the mask 202 as an etching mask. A 
doped layer 206 is then formed on the surfaces of the 
mask layer 202 and the deep trench 204. In a preferred 
embodiment, the doped layer 206 is, for example, a sili- 
con oxide layer doped with arsenic. 

[0027] Then, a portion of doped layer 206 is removed and a re- 
maining portion of doped layer 206a is left at the bottom 
of the deep trench 204 as shown in FIG. 2B. The methods 
of removing the portion of doped layer 206 and the re- 
maining portion of the doped layer 206a at the bottom of 
the deep trench 204 comprise, for example, first forming 
a photoresist layer (not shown) in the deep trench, but not 
completely filling the deep trench 204. Then, an etching 
process is performed for removing a portion of the doped 
layer 206 that is not covered by the photoresist layer. Fi- 



nally, the photoresist layer is removed; therefore, the 
doped layer 206a is formed at the bottom of the deep 
trench 204. 

[0028] Then, a thermal process is performed for diffusing ions 
within the doped layer 206a into substrate 100 to form 
the doped region 208. The doped region 208 is a buried 
electrode that serves as one of the electrode of the deep 
trench capacitor. 

[0029] Referring to FIG. 2C, a dielectric layer 210 is formed on 
the surfaces of the mask layer 202 and the deep trench 
204. Then, a first conductive layer 212 is filled in the deep 
trench 204 covering the dielectric layer 210, wherein the 
first conductive layer 212 does not completely fill the 
deep trench 204, and the first conductive layer 212 serves 
as another electrode of the deep trench capacitor. In a 
preferred embodiment, the material of the first conductive 
layer is, for example, polysilicon, and the method of 
forming the first conductive layer 212 comprises, for ex- 
ample, first forming a conductive layer (not shown) on the 
mask layer 202, and filling the deep trench 204. A chemi- 
cal mechanical polish process is then performed for re- 
moving a portion of the conductive layer until the mask 
layer 202 is exposed. Then, an etching process is per- 



formed for removing another portion of the conductive 
layer in the deep trench. 

[0030] After forming the first conductive layer 212, the dielectric 
layer 210 that is not covered by the first conductive layer 
212 is removed for forming the capacitor dielectric layer 
210a as shown in FIG. 2D. Then, an oxide layer 214 is 
formed on the surface of the mask layer 202 and the sur- 
face of the deep trench 204 that is not covered by the first 
conductive layer 212. 

[0031] Then, please referring to FIG. 2E, the oxide layer 214 is 
etched and a collar oxide layer 214a on the sidewalls of 
the deep trench 204 is formed. A material layer 216 is 
then formed on the mask layer 202 and completely fills 
the deep trench 204. 

[0032] | n a preferred embodiment, the removal rate of the mate- 
rial layer 216 is different from that of the collar oxide 
layer 214a, and the material of the material layer 216 is 
different from that of the first conductive layer 212. For 
example, the material of the material layer 216 can be a 
dielectric material, a conductive material or an organic 
material. It is preferred that the material layer 216 is a 
photoresist layer. 

[0033] As shown in FIG. 2F, a portion of material layer 216 is re- 



moved, and a portion of the collar oxide layer 214a is ex- 
posed. In other words, remaining the material layer 216a 
in the deep trench exposes the portion of collar oxide 
layer 214a. 

[0034] Then, the collar oxide layer 214a that is not covered by 
the material layer 216a is removed for forming the collar 
oxide layer 214b, wherein the substrate 200 at the side- 
walls of the top of the deep trench 204 is exposed as 
shown in FIG. 2G. Then, the material 216a is removed and 
the first conductive layer 212 is exposed. 

[0035] please referring to FIG. 2H, a second conductive layer 218 
is formed on the mask layer 202 and covers the first con- 
ductive layer 212 as well as the collar oxide layer 214b. In 
a preferred embodiment, the material of the second con- 
ductive layer is, for example, polysilicon. Then, a portion 
of the second conductive layer 218 is removed and the 
second conductive layer 218a remains in the deep trench 
as shown in FIG. 21, wherein the second conductive layer 
218a contacts the substrate 200 at the sidewalls of the 
top of the deep trench. In a preferred embodiment, the 
methods of removing the portion of the second conduc- 
tive layer and remaining the second conductive layer 218a 
in the deep trench comprise, for example, performing a 



chemical mechanical polish process for removing the por- 
tion of the second conductive layer 218 until the mask 
layer 202 is exposed. Then, an etching process is per- 
formed for removing another portion of the second con- 
ductive layer 218 in the deep trench. 

[0036] Then, the mask layer 202 is removed, and an active device 
(not shown), such as a transistor, is formed on the sub- 
strate 200. Therefore, the second conductive layer 218a 
electrically contacts the first conductive layer 212, and the 
second conductive layer 218a contacts the substrate 200 
at the sidewalls of the top of the deep trench. Accordingly, 
the second conductive layer 218a electrically connects the 
electrode 212 of the capacitor to the active device. 

[0037] Because the second conductive layer replaces the second 
and third conductive layers of the prior art, the issue of 
the dopant concentration of the second conductive layer 
being different from that of the third conductive layer 
which would otherwise adversely affect the threshold volt- 
age of devices can be avoided. 

[0038] | n addition, the second conductive material is used as a 
component to electrically connecting the deep trench ca- 
pacitor and the active device to resolve the problem of re- 
sistance at the interface of the second and third conduc- 



tive layers. 

[0039] Moreover, because the second conductive layer replaces 
the second and third conductive layers of the prior art, 
and therefore the method of the present invention can 
simplify the process, in that a number of the polysilicon 
furnaces can be reduced. 

[0040] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



